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㸬
O2max ࢆ㉺࠼ࡿ㧗ᙉᗘ㐠ື᫬
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㓟⣲㟂せ㔞 oxygen demandࠊ㧗㓟⣲ hyperoxiaࠊ᭤⥺ᅇᖐ curvilinear regression 
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1 ⥴ゝ 

పᙉᗘࡢ㐠ື࡟࠾࠸࡚ࡣࠊ࢚ࢿࣝࢠ࣮ฟຊ࡟ᚲ
せ࡞㓟⣲㟂せ㔞2 GHPDQG࡜㓟⣲ᦤྲྀ㔞9
㸬
2ࡀ
➼ࡋࡃࠊᐃᖖ≧ែVWHDG\VWDWHࡀ⥔ᣢ࡛ࡁࡿࠋ
ࡇࢀ࡟ࡼࡾ᭷㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࡢ౪⤥ࡔࡅ࡛㐠ື
ࡀ⥅⥆࡛ࡁࡿࠋ)LJ
㧗ᙉᗘࡢ㐠ື࡟࠾࠸࡚ࡣ㓟⣲㟂せ㔞࡟ᑐࡋ࡚㓟
⣲ᦤྲྀ㔞ࡀ୙㊊ࡋ᭷㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࡢ౪⤥ࡔࡅ
࡛ࡣ⿵࠼࡞࠸ࠋࡑࡇ࡛↓㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࡀືဨ
ࡉࢀࡿࠋ
ࡇࡢ↓㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࡣࠊ࢔ࢹࣀࢩࣥ୕ࣜࣥ
㓟$73ཬࡧࢡࣞ࢔ࢳࣥ⇥㓟3&Uࡢศゎ࡟ࡼࡗ࡚
ᚓࡽࢀࡿ㠀ங㓟ᛶᶵᵓ࡜ࠊ㓟⣲ࢆ౑ࢃࡎ࡟ࢢࣜࢥ
࣮ࢤࣥཬࡧࢢࣝࢥ࣮ࢫࡀங㓟࡟ࡲ࡛ศゎࡍࡿ㐣⛬
࡛ᚓࡽࢀࡿங㓟ᛶᶵᵓ࡟ࡼࡗ࡚౪⤥ࡉࢀࡿࠋణࡋࠊ
ࡇࡢங㓟ࡢ㐣ᗘ࡞⵳✚ࡣ⑂ປࢆᣍࡁࠊ㐠ື⥅⥆ࡢ
ไ㝈ᅉᏊ࡜࡞ࡿࠋ㧗ᙉᗘࡢ㐠ືࡀ㛗ࡃ⥆࠿࡞࠸ࡢ
ࡣࡇࡢࡓࡵ࡛࠶ࡿࠋ


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

↓㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࡣ㓟⣲ࡀ↓ࡃ࡚ࡶ࢚ࢿࣝࢠ
࣮ࢆⓎ᥹࡛ࡁࡿࡀࠊࡑࡢᐜ㔞ࢆᅇ᚟ࡉࡏࡿࡓࡵ࡟
ࡣ㓟⣲ࡀᚲせ࡜࡞ࡿ ࠋࡘࡲࡾࠊ㐠ື୰࡟୙㊊ࡋ
ࡓ㓟⣲ࡢ㔞࡛࠶ࡿ㓟⣲೉(O2 deficit)ࡣ㐠ືᚋ࡟㓟
⣲㈇മ (O2 debt)࡜ࡋ࡚㏉῭ࡍࡿࡇ࡜࡟࡞ࡿࠋ
(Fig.2) 㐠ືᚋࡢ㓟⣲ᦤྲྀ㔞ࡀᏳ㟼᫬ࡼࡾࡶ㧗࠸
≧ែࡀ⥆ࡃࡢࡣࡇࡢⅭ࡛࠶ࡾࠊ㐠ືᚋࡢ㓟⣲㈇മ
㔞ࡢ್࠿ࡽ↓㓟⣲ᛶసᴗ⬟ຊࢆホ౯ࡍࡿࡇ࡜ࡀ࡛
ࡁࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ㓟⣲㈇മ࡜㓟⣲೉ࡣᚲࡎࡋ
ࡶ➼ࡋࡃ࡞࠸ࠋ㓟⣲㈇മࡣ㓟⣲೉㏉῭ࡢ௚࡟ࠊ௦
ㅰஹ㐍࡞࡝ࡢせᅉࡀྵࡲࢀ࡚࠾ࡾࠊ㐠ືᚋࡢ㐣๫
࡞㓟⣲ᦤྲྀ㔞࡜࡞ࡗ࡚࠸ࡿࠋࡑࡇ࡛ࠊ㐠ື୰ࡢ㓟
⣲୙㊊ࡢᣦᶆࢆ㓟⣲೉࡛ホ౯ࡍࡿ᪉ἲࡀ⏝࠸ࡽࢀ
ࡿࡼ࠺࡟࡞ࡗࡓ 5)6)ࠋ 
㓟⣲೉ࡣ↓㓟⣲ᛶ⬟ຊࡢᣦᶆ࡜ࡋ࡚ࠊࡲࡓ㓟⣲
ᦤྲྀ㔞ࡣ᭷㓟⣲ᛶ⬟ຊࡢᣦᶆ࡜ࡋ࡚ࠊඹ࡟㐠ື⬟
ຊ࡜ᐦ᥋࡞㛵ಀࡀ࠶ࡿࠋࡇࢀࡽࡢ᭱኱್࡛࠶ࡿ᭱
኱㓟⣲೉ࡸ᭱኱㓟⣲ᦤྲྀ㔞ࡀ㧗࠸࡜࠸࠺ࡇ࡜ࡣࠊ
࢚ࢿࣝࢠ࣮ㄽⓗ࡟ࣃࣇ࢛࣮࣐ࣥࢫ࡬┤᥋ᙳ㡪ࡍࡿࠋ 
㏆ᖺࠊ㐠ື᫬ࡢ㓟⣲㟂せ㔞࡜㓟⣲ᦤྲྀ㔞ࡢᕪ࠿
ࡽ㓟⣲೉ࢆồࡵࠊࡑࡢ᭱኱್࠿ࡽ↓㓟⣲ᛶసᴗ⬟
ຊ(Anaerobic capacity)ࡀホ౯ࡉࢀࡿࡼ࠺࡟࡞ࡗ
࡚ࡁࡓ 3)5)ࠋࡋ࠿ࡋ࡞ࡀࡽࠊࡇࡢ᪉ἲࡢၥ㢟Ⅼࡣࠊ
㓟⣲㟂せ㔞ࢆṇ☜࡟ぢ✚ࡶࡿࡇ࡜࡟࠶ࡿࠋࡇࢀࡲ
࡛ࡢ᪉ἲࡣࠊᐃᖖ≧ែୗࡢసᴗᙉᗘ(Power)࡜㓟
⣲ᦤྲྀ㔞(V
㸬
O2)࡜ࡢ㛵ಀࢆ┤⥺ᅇᖐࡋࠊᐃᖖ≧ែࢆ
㉺࠼ࡿ㧗࠸㐠ືᙉᗘࡢ㓟⣲㟂せ㔞ࢆồࡵ࡚ࡁࡓ 2)ࠋ
(Fig.3) 
 
ࡑࡇ࡛ᮏ◊✲࡛ࡣࠊప㓟⣲ࠊ㧗㓟⣲ࠊ㏻ᖖ኱Ẽ
࢞ࢫ྾ධୗ࡟࠾ࡅࡿከẁ㝵ࢫࢸࢵࣉ㐠ື᫬ࡢ V
㸬
O2
ཬࡧ࢞ࢫ஺᥮ㅖ㔞ࢆゎᯒࡋࠊ㧗ᙉᗘ㐠ື᫬ࡢ㓟⣲
㟂せ㔞ࡢホ౯࡟ࡘ࠸᳨࡚ウࡋࡓࠋ 
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2.1 ⿕㦂⪅ 
 ⿕㦂⪅ࡣ೺ᗣ࡞ᡂே⏨Ꮚ㸵ྡ࡜ࡋࠊࡑࡢ㌟యⓗ
≉ᚩࢆ Table 1 ࡟♧ࡋࡓࠋ⿕㦂⪅࡟ࡣ஦๓࡟ᮏ◊
✲ࡢ┠ⓗ࡜ ᐃෆᐜཬࡧࡑࡢ༴㝤ᛶ࡟ࡘ࠸࡚ࡢㄝ
᫂ࢆ⾜࠸ࠊᮏேࡢពᛮ࡟ࡼࡾ࠸ࡘ࡛ࡶ ᐃࢆ୰Ṇ
࡛ࡁࡿࡇ࡜ࡢ☜ㄆࢆࡋࠊᮏᐇ㦂ཧຍࡢྠពࢆᚓࡓࠋ 
 
2.2  ᐃ᪉ἲ 

ᐇ㦂ࡣ㟁☢ࣈ࣮ࣞ࢟ᆺ⮬㌿㌴࢚ࣝࢦ࣓࣮ࢱ࣮
&RPEL$HURELNHࢆᨵⰋࡋࠊࡑࡢࢺࣝࢡཬࡧ
ࣃ࣮࣡ࢆ࣐࢖ࢡࣟࢥࣥࣆ࣮ࣗࢱ࣮࠿ࡽ⮬ືไᚚ࡛
ࡁࡿࡼ࠺࡞⿦⨨ࢆ⏝࠸ࡓ ࠋ࢚ࣝࢦ࣓࣮ࢱ࣮࡛ࡢ
㐠ືࡣࠊᅇ㌿ᩘࡀኚ໬ࡋ࡚ࡶࡑࢀ࡟ᛂࡌ࡚ࢺࣝࢡ
ࢆኚ໬ࡉࡏࠊᖖ࡟୍ᐃࡢࣃ࣮࣡ࡀ㈇Ⲵࡉࢀࡿࡼ࠺
7DEOH㸯⿕㦂⪅ࡢ㌟యⓗ≉ᚩQ 
$JH \U s
+HLJKW FP s
:HLJKW NJ s
㹔㹍PD[ POPLQ s
POPLQNJs
9DOXHVDUHPHDQVs6'
㹔
㹍
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㓟⣲ᦤྲྀ㔞
㓟⣲೉
㓟⣲㈇മ
㐠ື୰ࡢ
㓟⣲ᦤྲྀ㔞
)LJ㧗ᙉᗘ㐠ື᫬ࡢ㓟⣲㟂せ㔞2GHPDQG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2XSWDNH
㹔
㹍

Time
㓟⣲㟂せ㔞
㓟⣲ᦤྲྀ㔞
ᐃᖖ≧ែ VWHDG\VWDWH
㐠ື୰ࡢ㓟⣲ᦤྲྀ㔞
㻲㼕㼓㻚㻝㻚పᙉᗘ㐠ື᫬䛾㓟⣲㟂せ㔞㻔㻻㻞㼐㼑㼙㼍㼚㼐㻕
䛸㓟⣲ᦤྲྀ㔞㻔㻻㻞㼡㼜㼠㼍㼗㼑㻕
㹔
㹍

㹎㹭㹵㹣㹰
VWHDG\VWDWH
䠛
㹔㹍2max
)LJ㐠ື᫬ࡢ㓟⣲㟂せ㔞㹍GHPDQGࡢ᥎ᐃ
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ప㓟⣲ཬࡧ㧗㓟⣲࢞ࢫࢆ⏝࠸ࡓ㧗ᙉᗘ㐠ື᫬ࡢ㓟⣲㟂せ㔞ࡢホ౯㸦ఀ⸨ᬛᘧ㸧
࡟ไᚚࡋࡓࡀࠊࡑࢀ࡛ࡶ⿕㦂⪅࡟ࡣ࣌ࢲࣝᅇ㌿ᩘ
ࢆᖖ࡟ USP ࡟ಖࡘࡇ࡜ࢆせồࡋࡓࠋ
 ᮏᐇ㦂࡟ඛ❧ࡕࠊ20Watt/min ࡢࣛࣥࣉ㈇Ⲵ㐠
ືࢆ᭱኱ດຊ࡛⾜࠸᭱ࠊ ኱㓟⣲ᦤྲྀ㔞(V
㸬
O2max)ࢆ
 ᐃࡋࡓࠋ(Table1) ᑦࠊࡇࡢ᫬ࡢ᭱኱㐠ື᫬ࡢᙉ
ᗘ(Power)ࡣ 278.0s31.4Watt ࡛࠶ࡗࡓࠋ 
 ᮏᐇ㦂ࡣୗグ࡟♧ࡋࡓ㸱ࡘࡢ⎔ቃ᮲௳ୗ࡟࠾࠸
࡚ᐇ᪋ࡋࡓࠋ 
⎔ቃ᮲௳㸸ձప 㓟 ⣲ (Hypoxia  :14.6%) 
          ղ㏻ᖖ኱Ẽ (Normoxia :20.9%)      
        ճ㧗 㓟 ⣲ (Hyperoxia:38.5%) 
 ప㓟⣲ཬࡧ㧗㓟⣲࢞ࢫ᮲௳ࡢ ᐃࡣࠊ࢞ࢫ࣎ࣥ
࣋࠿ࡽ౪⤥ࡉࢀࡓ࢞ࢫࢆỈ୰࡟㏻ࡋຍ‵ࡋࡓࡶࡢ
ࢆࢲࢢࣛࢫࣂࢵࢡ࡟㞟ࡵࠊࡑࡇ࠿ࡽ࣐ࢫࢡ࡬⧅ࡄ
᪉ᘧ࡛⾜ࡗࡓࠋ 
 㓟⣲࣎ࣥ࣋Ѝຍ‵ЍࢲࢢࣛࢫࣂࢵࢡЍ࣐ࢫࢡ  
 
 ࡑࢀࡒࢀࡢ᮲௳ୗ࡟࠾࠸࡚ 0Watt࠿ࡽ㸴ศẖ࡟
30 ཪࡣ 40Watt ࡎࡘ₞ቑࡍࡿࢫࢸࢵࣉ㈇Ⲵ㐠ືࢆ
6 ẁ㝵ᐇ᪋ࡋࡓࠋ(Fig.4) ࡇࡢ㛫ࡢ࢞ࢫ஺᥮ㅖ㔞
ࢆ࣑࢟ࢩࣥࢢࢳࣕࣥࣂ࣮ἲ࡟ࡼࡾࠊ20 ⛊㛫㝸࡛㐃
⥆ⓗ࡟ ᐃࡍࡿ࡜ඹ࡟ࠊᚰᢿᩘࢆྠ᫬࡟ ᐃࡋࡓࠋ
ྛࢫࢸࢵࣉ࡟࠾࠸࡚ᐃᖖ≧ែ࡟㐩ࡋ࡚࠸ࡿ࡜ᛮࢃ
ࢀࡿ᭱ᚋࡢ 2 ศ㛫ࡢࢹ࣮ࢱࢆゎᯒࡋࡓࠋ 
 
 
3㸬⤖ᯝ 
 
 ᭱⤊㸴ẁ㝵ࡢ㈇Ⲵᙉᗘࡣ V
㸬
O2max ࡢ 82.1s
7.7%࡟┦ᙜࡍࡿ㈇Ⲵᙉᗘ࡛࠶ࡗࡓࠋ㧗㓟⣲ཬࡧ㏻
ᖖ኱Ẽୗ࡟࠾࠸࡚ࡣ 7 ྡ඲ဨࡢ⿕㦂⪅ࡀࡇࡢ 6 ẁ
㝵ࡢ㐠ືࢆ᏶஢ࡍࡿࡇ࡜ࡀ࡛ࡁࡓࡀࠊప㓟⣲ୗ࡟
࠾࠸࡚ࡣ㸱ྡࡢ⿕㦂⪅ࡀ᭱ᚋࡢ 6 ศ㛫ࡢ㐠ືࢆ㐙
⾜ࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠿ࡗࡓࠋ 
 
 
 ከẁ㝵ࢫࢸࢵࣉ㈇Ⲵ㐠ື୰ࡢ㓟⣲ᦤྲྀ㔞ࡢ୍౛
ࢆ Fig.5 ࡟♧ࡋࡓࠋྛࢫࢸࢵࣉ࡟࠾࠸࡚㈇Ⲵᙉᗘ
ࡢᛴ⃭࡞ቑຍ࡟ᑐࡋࠊ㓟⣲ᦤྲྀ㔞ࡣᚎࠎ࡟ቑຍࡋ
୍ᐃ್࡟཰᮰ࡋ࡚࠸ࡃࠋࡇࢀࡽࡢྛࢫࢸࢵࣉ㸴ศ
㛫ࡢ㐠ືࢆ㐙⾜࡛ࡁࡓ᭱⤊ࡢ㸰ศ㛫ࡢ㓟⣲ᦤྲྀ㔞
ࡢ್ࢆࠊᐃᖖ≧ែୗ࡟࠾ࡅࡿ㓟⣲㟂せ㔞࡜ࡋ࡚ゎ
ᯒࡋࡓࠋ㧗㓟⣲ࠊ㏻ᖖ኱Ẽཬࡧప㓟⣲᮲௳ୗ࡟࠾
ࡅࡿྛࢫࢸࢵࣉࡢ㈇Ⲵ㔞࡟ᑐࡍࡿ᭱⤊ 2 ศ㛫ࡢ㓟
⣲ᦤྲྀ㔞ࡢ୍౛ࢆ Fig.6 ࡟♧ࡋࡓࠋࡲࡓࠊࡇࡢ
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ឡ▱ᏛἨ኱Ꮫ⣖せ ➨ 1ྕ➨㸯ྕ㸦2018㸧 
ḟ࡟ࠊྛࢫࢸࢵࣉࡢ㓟⣲ᦤྲྀ㔞࠿ࡽ㸯ࡘ๓ࡢࢫ
ࢸࢵࣉࡢ㓟⣲ᦤྲྀ㔞࡜ࡢᕪࢆồࡵࡿࡇ࡜࡟ࡼࡾࠊ
㸯ࢫࢸࢵࣉẖࡢ㓟⣲ᦤྲྀ㔞ࡢቑຍ㔞ࢆồࡵࡓࠋ
(Fig.8) ࡇࡢ್ࡣቑຍࡋࡓ௙஦⋡(Power) 30ཪࡣ
40Watt ศ࡟┦ᙜࡍࡿ㓟⣲ᦤྲྀ㔞ࢆ♧ࡍࡶࡢ࡛࠶
ࡿࠋྠࡌ௙஦⋡ࡢຍ⟬࡟ᑐࡋ࡚ࠊ㓟⣲ᦤྲྀ㔞ࡢቑ
ຍศࡣྠࡌ࡛ࡣ࡞ࡃࠊ㈇Ⲵᙉᗘ࡟ẚ౛ࡋ࡚ቑຍࡋ
࡚࠸ࡗࡓࠋࡇࡢࡇ࡜ࡣࠊFig.6 ࡛♧ࡋࡓ Power㸫
V
㸬
O2 㛵ಀ࡟࠾࠸࡚ࠊ┤⥺ⓗ࡞ẚ౛㛵ಀࡼࡾࡶ᭤⥺
ⓗ࡞㛵ಀࡀᙉ࠸ࡇ࡜ࢆព࿡ࡍࡿࠋ 
ࡑࡇ࡛ࠊ㈇Ⲵᙉᗘ࡜㓟⣲ᦤྲྀ㔞(Power㸫V
㸬
O2)㛵
ಀ࡟ࡘ࠸࡚ࠊᅇᖐ┤⥺ཬࡧᅇᖐ᭤⥺ࡢ㏆ఝᘧ࡜┦
㛵ಀᩘࢆồࡵࠊFig.9 ࡟♧ࡋࡓࠋ᭤⥺ᅇᖐࡣ஧ḟᘧ
ࢆ⏝࠸ࡓࠋ 
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ప㓟⣲ཬࡧ㧗㓟⣲࢞ࢫࢆ⏝࠸ࡓ㧗ᙉᗘ㐠ື᫬ࡢ㓟⣲㟂せ㔞ࡢホ౯㸦ఀ⸨ᬛᘧ㸧

ࡑࡋ࡚ࡇࡢ┦㛵ಀᩘࢆẚ㍑ࡋࠊFig.10 ࡟♧ࡋ
ࡓࠋ┦㛵ಀᩘࡣ Hypoxia Normoxia Hyperoxia
ࡢ㡰࡟┤⥺ᅇᖐ 0.9951s0.0031ࠊ0.9923s
0.0032ࠊ0.9913s0.0047ࠊ᭤⥺ᅇᖐ 0.9996s
0.0002ࠊ0.9994s0.0005ࠊ0.9995s0.0007 ࡛
࠶ࡗࡓࠋࡇࢀࡣ 6 Ⅼࡢᅇᖐ࡛࠶ࡾࠊ୧⪅ඹ࡟㧗
࠸┦㛵ಀᩘࡢ್࡟࡞ࡿࡀࠊ㸱᮲௳ୗඹ࡟ࠊ᭤⥺
ᅇᖐࡣ᭷ព࡟㧗࠸್ࢆ♧ࡋࡓࠋ 
Power㸫V
㸬
O2 㛵ಀࢆᇶ࡟┤⥺ᅇᖐ࡜᭤⥺ᅇᖐࢆ
ࡲ࡜ࡵࡓࡶࡢࡀ Fig.11 ࡛࠶ࡿࠋᶓ㍈ࡣ㈇Ⲵᙉᗘ
࡛࠶ࡿࡀࠊV
㸬
O2max ࡟┦ᙜࡍࡿ㓟⣲ᦤྲྀ㔞ࡢᙉ
ᗘࢆ 100%࡜ࡋ࡚ゎᯒࡋࡓࠋྛࢫࢸࢵࣉࡢ㓟⣲ᦤ
ྲྀ㔞ࡣ Fig.7 ࡛♧ࡋࡓࡼ࠺࡟ప㓟⣲ࠊ㏻ᖖ኱Ẽཬ
ࡧ㧘㓟⣲ୗ࡟࠾࠸࡚᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠸ࠋࡇ
ࢀࢆ┤⥺ཪࡣ᭤⥺ࡢ㏆ఝᘧ࡛ᅇᖐࡍࡿ࡜ࠊ㧘ᙉᗘ
࡟࡞ࡿ࡟ࡘࢀ࡚ᕪࡀ኱ࡁࡃ㛤࠸࡚࠸ࡃࠋ 
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㏻ᖖ኱Ẽୗࢆ౛࡜ࡋ࡚ࠊ┤⥺ᅇᖐཬࡧ᭤⥺ᅇᖐ
ࡢ㏆ఝᘧ࠿ࡽồࡵࡓ㐠ື᫬ࡢ㓟⣲㟂せ㔞ࡢ್ࢆ
Fig.12 ࡟♧ࡋࡓࠋV
㸬
O2max ࡟┦ᙜࡍࡿ㈇Ⲵᙉᗘ
(100%)࡛ࡣ᭤⥺ᅇᖐ࠿ࡽồࡵࡓ㓟⣲㟂せ㔞ࡣ┤
⥺ᅇᖐ࠿ࡽồࡵࡓ್ࡼࡾ 373s148ml/minࠊ12.7%
㧗ࡃ࡞ࡗࡓࠋࡲࡓࠊV
㸬
O2max ࡢ 150%࡟┦ᙜࡍࡿ
ᙉᗘ࡟࠾࠸࡚ࡣࠊ1286s359ml/minࠊ30.4%㧗࠸
್࡜࡞ࡗࡓࠋ 
Fig. 13 ࡟ࢫࢸࢵࣉ㈇Ⲵ㐠ື୰ࡢᚰᢿᩘࢆ♧ࡋ
ࡓࠋప㓟⣲ࠊ㏻ᖖ኱Ẽࠊ㧘㓟⣲ࡢ㡰࡟ᚰᢿᩘࡣ᭷
ព࡟ప࠸್࡜࡞ࡗࡓࠋ5 ࢫࢸࢵࣉ┠࡛ࡢᚰᢿᩘࡣ
ప㓟⣲ 168.0s13.4ࠊ㏻ᖖ኱Ẽ 155.4s12.2ࠊ㧘㓟
⣲ 147.2s12.9ࠊ᭱⤊ 6 ࢫࢸࢵࣉ࡛ࡣ㏻ᖖ኱Ẽ
177.8s13.4ࠊ㧘㓟⣲ 170.4s13.2(bpm)࡛࠶ࡗࡓࠋ 
 Fig.14࡟ࢫࢸࢵࣉ㈇Ⲵ㐠ື୰ࡢ᥮Ẽ㔞ࢆ♧ࡋࡓࠋ
2 ࢫࢸࢵࣉ௨㝆࡟ࡘ࠸࡚ࠊప㓟⣲᮲௳ࡣ௚࡟ẚ࡭
࡚᥮Ẽ㔞ࡀ᭷ព࡟㧗࠸್࡟࡞ࡗࡓࠋ5 ࢫࢸࢵࣉ┠
࡛ࡢ᥮Ẽ㔞ࡣప㓟⣲ 69.1s8.8ࠊ㏻ᖖ኱Ẽ 55.1s
4.4ࠊ㧘㓟⣲ 54.4s5.8(l/min)࡛࠶ࡗࡓࠋ㏻ᖖ኱Ẽ
࡜㧘㓟⣲᮲௳ୗ࡟࠾࠸࡚ࡣࡑࢀࡒࢀࡢࢫࢸࢵࣉ࡟
࠾࠸࡚ࠊ᥮Ẽ㔞࡟᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ
ࡋ࠿ࡋ࡞ࡀࡽ᭱ࠊ ⤊ 6 ࢫࢸࢵࣉ࡛ࡣ㏻ᖖ኱Ẽ 78.1
s9.9ࠊ㧘㓟⣲ 73.7s11.7(l/min)࡜ࠊ᭷ពࡣ♧ࡉࢀ
࡞࠿ࡗࡓࡀࠊ᭷ពᕪࡢ༴㝤⋡ p ࡣ 0.07 ࡜ࡑࡢഴ
ྥࢆ♧ࡋࡓࠋ
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䓊㻙㻙 㻖 㻙㻙䓎
䓊㻙㻙 㻖㻖㻌㻙㻙䓎
䓊㻙㻙 㻖 㻙㻙䓎
䓊㻙㻙 㻖 㻙㻙䓎
䓊㻖㻖䓎䓊㻙㻙 㻖㻖㻌㻙㻙䓎
䓊㻌㻖 䓎
䓊㻖㻖䓎
䓊㻖㻖䓎
䓊㻌㻖 䓎
㻖㻌㻦㻌㼜㻨㻜㻚㻜㻡
㻖㻖㻌㻦㻌㼜㻨㻜㻚㻜㻝
䓊㻌㻖 䓎
)LJప㓟⣲ࠊ኱Ẽࠊ㧗㓟⣲᮲௳ୗ࡛ࡢᚰᢿᩘ
n=5
－ 120 －
ప㓟⣲ཬࡧ㧗㓟⣲࢞ࢫࢆ⏝࠸ࡓ㧗ᙉᗘ㐠ື᫬ࡢ㓟⣲㟂せ㔞ࡢホ౯㸦ఀ⸨ᬛᘧ㸧
 
 
4 ⪃ᐹ 
 
 㐠ືࢆ㛤ጞࡋࡓࡾ㐠ືᙉᗘࡀቑຍࡋࡓࡾࡍࡿ࡜
᪂ࡓ࡞࢚ࢿࣝࢠ࣮ࡀᚲせ࡜࡞ࡿࠋࡇࡢ㟂せ࡟ᑐࡋ
࡚ࠊ⏕య࡛ࡣ࿧྾ᚠ⎔ᶵ⬟ࡀᛂ⟅ࡋࠊ㐜ࢀ࡞ࡀࡽ
ࡶ㓟⣲ᦤྲྀ㔞ࡣቑຍࡍࡿ 3)ࠋࡇࡢ㓟⣲㟂せ㔞࡜㓟
⣲ᦤྲྀ㔞ࡀ➼ࡋࡃ࡞ࢀࡤᐃᖖ≧ែࡀ⥔ᣢ࡛ࡁࠊ᭷
㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࡢ౪⤥࡟ࡼࡗ࡚㐠ືࡀ⥆ࡅࡽࢀ
ࡿࠋ 
 㧗ᙉᗘࡢ㐠ື࡟࠾࠸࡚ࡣ㓟⣲㟂せ㔞࡟ᑐࡋ㓟⣲
ᦤྲྀ㔞ࡀ㊊ࡽࡎࠊ↓㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࡀືဨࡉࢀ
ࡿࠋࡇࡢ↓㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࡣᐜ㔞࡟ไ㝈ࡀ࠶
ࡾࠊࡇࢀࢆ౑࠸ᯝࡓࡍࡼ࠺࡞᭱኱㓟⣲೉࡟㐩ࡍࡿ
࡜ࡇࡢࣞ࣋ࣝࡢ㐠ືᙉᗘࡀ⥔ᣢ࡛ࡁ࡞ࡃ࡞ࡿ 4)ࠋ 
 ࢚ࢿࣝࢠ࣮ㄽⓗ࡟ࡣࠊ᭱኱ດຊࡢ㐠ື࡛ࡣࠊ᭷
㓟⣲ᛶ⬟ຊ࡜↓㓟⣲ᛶ⬟ຊࡢ୧᪉ࡀᚲせ࡜࡞ࡿࠋ
᭷㓟⣲ᛶ⬟ຊࡢᣦᶆ࡛࠶ࡿ㓟⣲ᦤྲྀ㔞ࡣ᫬㛫ᙜࡓ
ࡾࡢ್࡛࠶ࡾࠊ༢఩ࡣ ml/min(/kg)࡛࠶ࡿࠋ↓㓟⣲
ᛶ⬟ຊࡢᣦᶆ࡛࠶ࡿ㓟⣲೉ࡸ㓟⣲㈇മࡣ㸯ᅇࡢᐜ
㔞࡛࠶ࡾࠊ༢఩ࡣ ml(/kg)࡛࠶ࡿࠋࡋࡓࡀࡗ࡚ࠊ㛗
㊥㞳㉮ࡢࡼ࠺࡟㛗࠸᫬㛫ࡢ㐠ື࡛ࡣࠊ᭷㓟⣲ᛶ⬟
ຊࡢ㈉⊩ᗘࡣ኱ࡁࡃ࡞ࡿࠋ㛗㊥㞳㉮⪅ࡢ᭱኱㓟⣲
ᦤྲྀ㔞ࡀ㧗࠸ࡇ࡜ࡣࠊࡼࡃ▱ࡽࢀࡓࡇ࡜࡛࠶ࡿࠋ
㏫࡟▷᫬㛫ࡢ㐠ື࡛ࡣࠊ↓㓟⣲ᛶ⬟ຊࡢ㈉⊩ᗘࡀ
኱ࡁࡃ࡞ࡿࠋణࡋࠊ࠿࡞ࡾ▷࠸ᩘ⛊⛬ࡢ㐠ື࡟࡞
ࡿ࡜ࠊ↓㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࢆ඲࡚౑࠸ᯝࡓࡉࡎ࡟
㐠ືࡀ⤊஢ࡍࡿࡓࡵࠊ୧⪅ࡢ࢚ࢿࣝࢠ࣮⬟ຊࡣไ
㝈ᅉᏊ࡟࡞ࡽ࡞࠸ࠋ 
 ࡇࡢ↓㓟⣲ᛶ⬟ຊࡢᣦᶆ࡛࠶ࡿ㓟⣲೉ࢆ ᐃࡍ
ࡿ࡟ࡣࠊ㐠ື୰ࡢ㓟⣲㟂せࢆṇ☜࡟ぢ✚ࡶࡿᚲせ
ࡀ࠶ࡿࠋ᭱኱㓟⣲೉ࡢ ᐃ࡟ࡣࠊV
㸬
O2max Ⓨ᥹᫬
ࢆ㉺࠼ࡿ㧗࠸ᙉᗘ࡛ࡢ㓟⣲㟂せ㔞ࡢ᥎ᐃ್ࡀᚲせ
࡜࡞ࡿࠋ 
 ᮏ◊✲࡛ࡣࠊ␗࡞ࡿ㓟⣲⃰ᗘࢆ྾Ẽ࡜ࡋࠊ᭱኱
௨ୗࡢࢫࢸࢵࣉ㈇Ⲵ㐠ືࢆ⾜࠸ࠊࡑࡢᐃᖖ≧ែ࡛
ࡢ㓟⣲ᦤྲྀ㔞ཬࡧ࢞ࢫ஺᥮ㅖ㔞ࢆ ᐃࡋࡓࠋ୍⯡
࡟ࠊప㓟⣲⎔ቃୗ࡟࠾࠸࡚ࡣ㓟⣲ᦤྲྀ⬟ຊࡀᢚไ
ࡉࢀࠊᣢஂⓗࣃࣇ࢛࣮࣐ࣥࢫࡣపୗࡍࡿࠋ㏫࡟㧗
㓟⣲⎔ቃୗ࡛ࡣ㓟⣲౪⤥ࡀᐜ᫆࡟࡞ࡾࠊ㧗࠸ࣞ࣋
ࣝࡢᐃᖖ㐠ືࡀྍ⬟࡟࡞ࡿ࡜⪃࠼ࡽࢀࡿࠋࡋ࠿ࡋ
࡞ࡀࡽࠊᮏᐇ㦂࡛ࡢ㓟⣲ᦤྲྀ㔞ࡣప㓟⣲ཬࡧ㧗㓟
⣲྾ධ࡟࠾࠸࡚ᕪࡀㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ (Fig.7)
㸴ẁ㝵┠ࡢ㈇Ⲵᙉᗘ࡛ࡣࠊప㓟⣲ୗ࡟࠾࠸࡚ࡣ㐠
ືࡀ⥅⥆࡛ࡁ࡞ࡃ࡞ࡾᕪࡀ࡛ࡁࡓࡶࡢࡢࠊ㧗㓟⣲
ୗ࡛ࡣ㓟⣲ᦤྲྀ㔞ࡣ᭷ព࡟㧗࠸್࡟ࡣ࡞ࡽ࡞࠿ࡗ
ࡓࠋ 
 ࡘࡲࡾࠊྠࡌ㈇Ⲵᙉᗘ࡟࠾࠸࡚ࡣྠࡌ࢚ࢿࣝࢠ
࣮ࡀᚲせ࡜࡞ࡾࠊᐃᖖ≧ែࡀ⥔ᣢࡉࢀ࡚࠸ࢀࡤྠ
ࡌ㓟⣲㟂せ㔞࡟ᑐࡍࡿ㓟⣲ᦤྲྀ㔞ࡣྠࡌ࡟࡞ࡿࢃ
ࡅ࡛࠶ࡿࠋ௬࡟ࠊ㧗㓟⣲ࢆ౑࠺ࡇ࡜࡛᭦࡟㧗࠸ᙉ
ᗘ࡛ࡢᐃᖖ≧ែࡢ㓟⣲ᦤྲྀ㔞ࡀ ᐃ࡛ࡁࢀࡤࠊ᪂
ࡓ࡞ホ౯ࢆຍ࠼ࡿࡇ࡜ࡀ࡛ࡁࡿࠋ௒ᚋࡢㄢ㢟࡛࠶
ࡿࠋ 
 Fig13.ཬࡧ Fig.14 ࡛♧ࡋࡓࡼ࠺࡟ࠊᚰᢿᩘཬࡧ
᥮Ẽ㔞ࡢ࿧྾ᚠ⎔⣔ࡢ್ࡣ྾Ẽࡢ㓟⣲⃰ᗘ㛫࡟࠾
࠸࡚ᕪࡀㄆࡵࡽࢀࡓࠋࡇࢀࡣప㓟⣲࡟ẚ࡭㧗㓟⣲


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
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
䊠㻔㻜㼃㻕 䊡㻔㻟㻜㻘㻠㻜㼣㻕 䊢㻔㻢㻜㻘㻤㻜㼣㻕 䊣㻔㻥㻜㻘㻝㻞㻜㼣㻕 䊤㻔㻝㻞㻜㻘㻝㻢㻜㼣㻕 䊥㻔㻝㻡㻜㻘㻞㻜㻜㼣㻕
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
O
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Q
㻴㼥㼜㼛㼤㼕㼍 㻺㼛㼞㼙㼛㼤㼕㼍 㻴㼥㼜㼑㼞㼛㼤㼕㼍
Fig.14.ప㓟⣲ࠊ኱Ẽࠊ㧗㓟⣲᮲௳ୗ࡛ࡢ᥮Ẽ㔞
䓊㻌㻖 䓎
䓊㻙㻙㻖㻖㻙㻙䓎
䓊㻙㻙 㻖 㻙㻙䓎
䓊㻙㻙㻖㻖㻙㻙䓎
䓊㻖㻖䓎
䓊㻖㻖䓎
䓊㻖㻖䓎
㻖㻌㻦㻌㼜㻨㻜㻚㻜㻡
㻖㻖㻌㻦㻌㼜㻨㻜㻚㻜㻝
n=7
－ 121 －
ឡ▱ᏛἨ኱Ꮫ⣖せ ➨ 1ྕ➨㸯ྕ㸦2018㸧 
⎔ቃୗࡢ᪉ࡀ⏕య࡟㈇ᢸࡢᑡ࡞࠸≧ែ࡛㐠ືࡀᐇ
᪋࡛ࡁࡿࡇ࡜ࢆព࿡ࡍࡿࠋ 
ࡇࡢ㐠ື࡟ᚲせ࡞࢚ࢿࣝࢠ࣮ࡣࠊ⮬㌿㌴࢚ࣝࢦ
࣓࣮ࢱ࣮࡟௙஦ࢆฟຊࡉࡏࡿእⓗ࡞௙஦㔞࡜యࢆ
ື࠿ࡍෆⓗ௙஦㔞ࠊࡑࢀ࡟ຍ࠼ᚰ➽ࡸ࿧྾➽ࢆά
ືࡉࡏࡿ⏕⌮ⓗ࡞௙஦㔞ࡢ⥲㔞࡛࠶ࡾࠊ㓟⣲㟂せ
㔞࡛࠶ࡿࠋFig.7 ࡛♧ࡋࡓࡼ࠺࡟㓟⣲㟂せ㔞ࡣྠࡌ
࡛ࠊ⏕⌮ⓗ࡞௙஦࡟ᕪࡀ࠶ࡿ࡜ࡍࡿ࡜ Power ࡛⾲
ࡋࡓ≀⌮ⓗ࡞௙஦ࡢࡓࡵࡢ㓟⣲㟂せ㔞࡟ᕪࡀ࡛ࡁ
࡚ࡋࡲ࠺ࠋ㧗㓟⣲ୗࡢ᪉ࡀప㓟⣲ୗࡼࡾࡶ㓟⣲ᦤ
ྲྀ㔞ࡀከ࠸ࡇ࡜࡟࡞ࡿࠋヲ⣽࡞ྫྷ࿡ࡀᚲせ࡛࠶ࡾࠊ
௒ᚋࡢㄢ㢟࡛࠶ࡿࠋ 
 ௬ㄝ࡜ࡋ࡚ࠊ⏕యࡣ࠸ࡘ࡛ࡶ㓟⣲㟂せ㔞࡜ྠ㔞
ࡢ㓟⣲ࢆᦤྲྀࡍࡿࡼ࠺࡟࿧྾ᚠ⎔ᶵ⬟ࢆ↓⌮࡟ஹ
㐍ࡉࡏࡿࡢ࡛࠶ࢁ࠺࠿ࠋ᭷㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࡔࡅ
࡟㢗ࡽࡎࠊ↓㓟⣲ᛶ࢚ࢿࣝࢠ࣮ࢆືဨࡋ࡚ࠊ㐠ື
ᚋ࡟㓟⣲ࢆ㏉῭ࡋࡓ᪉ࡀ⏕య࡟࡜ࡗ࡚㈇ᢸ࡟࡞ࡽ
࡞࠸࡛ࡣ࡞࠸࠿ࠋ㧗࠸㐠ືᙉᗘ࡟࠾࠸࡚ V
㸬
O2 ࡀ⦆
ࡸ࠿࡟ቑ኱ࡍࡿ slow component ࡢၥ㢟ࡶࡇࡢࡇ
࡜࡜㛵㐃ࡀ῝࠸࡜⪃࠼ࡽࢀࡿ ࠋ
㓟⣲㟂せ㔞ࡢ㏆ఝᘧࡢࡓࡵࡢ Power㸫V
㸬
O2 㛵ಀ
ࡢ ᐃ᪉ἲ࡟ࡘ࠸࡚ࠊMedbo5)ࡽࡢ᪉ἲ࡛ࡣ
V
㸬
O2maxࡢ 40㹼90%࡟┦ᙜࡍࡿᙉᗘࡢࢫࢸࢵࣉ
㈇Ⲵࢆ  ࠿ࡽ  ᅇࡑࢀࡒࢀ  ศ㛫ࢆ⾜࠸┤⥺ᅇ
ᖐࡋ࡚࠸ࡿࠋᮏᐇ㦂࡛ࡣ  ศ㛫ẖ࡟₞ቑࡍࡿ  ẁ
㝵ࢫࢸࢵࣉ㈇Ⲵࢆ⏝࠸ࡓࠋ ᅇࡢ ᐃ࡟࡚㏆ఝᘧ
ࡀồࡵࡽࢀࡿ฼Ⅼࡀ࠶ࡗࡓࠋྛࢫࢸࢵࣉࡢ᫬㛫ࠊ
ከẁ㝵ࢫࢸࢵࣉࡢ᪉ᘧࡢ㐪࠸ࢆ᳨ウࡋ࡚࠸ࡁࡓ
࠸ࠋ
 Fig.8 ࡛♧ࡋࡓࡼ࠺࡟ྠࡌ௙஦⋡ࡢຍ⟬࡟ᑐࡋ
࡚ࠊ㓟⣲ᦤྲྀ㔞ࡢቑຍศࡣྠࡌ࡛ࡣ࡞ࡃࠊ㈇Ⲵᙉ
ᗘ࡟ẚ౛ࡋ࡚ቑຍࡋ࡚࠸ࡗࡓࠋࡇࢀࡣ㐠ືᙉᗘࡀ
㧗࠸࡯࠺ࡀ࢚ࢿࣝࢠ࣮ࡢࢥࢫࢺࡀ࠿࠿ࡿ࡜࠸࠺ࡇ
࡜࡟࡞ࡿࠋࡇࡢࢹ࣮ࢱࢆ᰿ᣐ࡟ Power㸫V
㸬
O2 㛵ಀ
ࢆ஧ḟ᭤⥺࡛㏆ఝࡋࠊ⢭ᗘࡢ㧗࠸㓟⣲㟂せ㔞ࡢ᥎
ᐃ᪉ἲࢆᚓࡽࢀࡓࡇ࡜ࡣព⩏ࡢ࠶ࡿࡇ࡜࡛࠶ࡗ
ࡓࠋ(Fig.9,10,11,)
ࡇࡢ᭤⥺ᅇᖐࡢ㏆ఝᘧ࡛ồࡵࡓ㓟⣲㟂せ㔞ࡣ┤
⥺ᅇᖐ࡟ẚ࡭࡚ࠊV
㸬
O2max ࡢ 125 ཬࡧ 150%┦ᙜ
ࡍࡿ㈇Ⲵᙉᗘ࡟࠾࠸࡚ࡣࠊ21.4 ཬࡧ 30.4㸣㧗ࡃ᥎
ᐃࡉࢀࡓࠋࡇࢀࡽࡢࡇ࡜࠿ࡽࠊ㓟⣲㟂せ㔞ࡢホ౯
᪉ἲ࡟࠾࠸࡚ Power㸫V
㸬
O2 㛵ಀࢆぢ┤ࡍᚲせࡀ࠶
ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 
5 ࡲ࡜ࡵ 
 
࣭ᮏ◊✲࡛ࡣࠊከẁ㝵ࢫࢸࢵࣉ㈇Ⲵ㐠ື࡟࠾ࡅࡿ
Power㸫V
㸬
O2 㛵ಀ࡟ཬࡰࡍప㓟⣲ཬࡧ㧗㓟⣲࢞
ࢫ྾ධࡢᙳ㡪࡜㧗ᙉᗘ㐠ື᫬ࡢ㓟⣲㟂せ㔞ࡢホ
౯࡟ࡘ࠸᳨࡚ウࡋࡓࠋ 
࣭㸴ศ㛫ࡢྛࢫࢸࢵࣉ㈇Ⲵ㐠ືࡢ᭱⤊㸰ศ㛫ࡢ㓟
⣲ᦤྲྀ㔞ࡣࠊ྾Ẽࡢ㓟⣲⃰ᗘࡢ㐪࠸࡟ࡼࡿᕪࡣ
ㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ 
࣭ᚰᢿᩘ࡜᥮Ẽ㔞ࡣ྾Ẽࡢ㓟⣲⃰ᗘࡢቑຍ࡟క࠸ࠊ
ప࠸್࡜࡞ࡿഴྥࢆࡋࠊ⏕య࡜ࡗ࡚㈇ᢸࡢᑡ࡞
࠸ᐜ᫆࡞㐠ືࡀྍ⬟࡟࡞ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
࣭Power㸫V
㸬
O2 㛵ಀࡣ஧ḟከ㡯ᘧࡢ㏆ఝࢆ⏝࠸ࡓ
᭤⥺ᅇᖐ࡟ࡼࡾࠊ㧗⢭ᗘࡢ㓟⣲㟂せ㔞ࡢ ᐃࡀ
ྍ⬟࡜࡞ࡗࡓࠋ 
࣭V
㸬
O2max ࢆ㉺࠼ࡿ㧗ᙉᗘ㐠ື᫬ࡢ㓟⣲㟂せ㔞ࡣ
ࡇࢀࡲ࡛ࡢᐃᖖୗ┤⥺ᅇᖐ࡟ࡼࡿ᥎ᐃ್ࡼࡾࡶ
㧗࠸್࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 
ㅰ㎡
ᮏ◊✲ࡢᐇ᪋࡟㝿ࡋࠊከ኱࡞ࡿࡈᑾຊ࡜ࡈᣦᑟ
ࢆ㡬ࡁࡲࡋࡓ㇏ᶫᢏ⾡⛉Ꮫ኱Ꮫྡ㄃ᩍᤵࡢᏳ⏣ዲ
ᩥඛ⏕࡟ࠊᚰࡼࡾឤㅰ⏦ࡋୖࡆࡲࡍࠋ


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